To better understand the influence of monsoonal climate and transport of atmospheric mercury (Hg) in 15 southwestern China, measurements of total gaseous mercury (TGM, defined as the sum of gaseous elemental 16 mercury, GEM, and gaseous oxidized mercury, GOM), particulate bound mercury (PBM) and GOM were 17 Hg emissions from inland China could rapidly increase TGM levels at ALS due to strengthening of the EASM. 27
the Air Resource Laboratory, National Oceanic and Atmospheric Administration (NOAA). The meteorological 143 data are of 1°×1° spatial resolutions at 6-hour intervals. All the backward trajectories ended at the sampling 144 site at an arrival height of 500 m above the ground. The backward trajectories were calculated at 1-hour 145 intervals, and cluster analysis of the trajectory endpoints was performed to determine the regional transport 146 pathway. To distinguish the larger sources from moderate sources, a weighing algorithm based on measured 147 concentrations (concentration weighted trajectory (CWT)) was applied in this study. In this procedure, each 148 grid cell received a source strength obtained by averaging sample concentrations that have associated 149 trajectories that crossed that grid cell as follows: 
General distribution characteristics of TGM, GOM and PBM 160
The highly time-resolved long-term data set of TGM concentrations in ambient air at ALS is displayed in Fig.  161 2, and the mean TGM concentration over the sampling period was 2.09±0.63 ng m -3 with a higher level (2.22 162 ng m -3 )during the ISM period than that during the non-ISM period (1.99 ng m -3 ) ( Table 1 ). The TGM mean 163 concentration at ALS was slightly higher than that of the global background (1. Yunnan province, the air temperature is high during the non-ISM period. Thus, the domestic use of coal is not 215 dominant for residential heating, but rather the agricultural activity in the region including the crop harvesting 216 and the burning of straw. This was probably one of most important reasons for the highly elevated GOM and 217 PBM level at ALS in autumn. 218 219 3.2 Seasonal variation of TGM, GOM and PBM influenced by monsoonal climate 220 Table 1 shows seasonal statistics of daily averages for Hg species and select meteorological parameters which 221 were determined on a seasonal basis and for the year-long dataset. TGM during the ISM period was 222 statistically higher than during the non-ISM period (Table S1 ). Meanwhile, AT, RF and RH had a distribution 223 with the highest level during the ISM period, and SW frequency had decline with increase of SE and NE 224 frequency during the ISM period. This suggests the EASM could also influence the climate at ALS during the 225 ISM period, which was consistent with TGM concentration that the site is impacted by regional sources 226 including biomass burning and monsoonal long-range transboundary transport. 227
228
To assess the monsoonal variation of TGM concentrations, the distribution of monthly mean TGM 229 concentrations at ALS is shown in Fig. 4 . The TGM concentrations during the ISM period were higher than 230 those during the non-ISM period. The highest monthly concentration was observed in May with a mean value 231 of 2.46 ng m -3 , and the lowest monthly mean concentration of 1.45 ng m -3 was observed in November. 232
Although there were relatively higher TGM levels in December and January during the non-ISM period, this 233 pattern was generally different from the most common pattern in the Northern Hemispheric which has a 234 summer minimum and winter maximum TGM distribution pattern as observed in many previous studies 235 Pacific Ocean also intruded the study site, which passed through central and southwestern China, one of the 263 most Hg-polluted regions. Moreover, the TGM, GOM and PBM levels from the north were higher than those 264 from the south to ALS (Fig. S1) . Thus, the air masses likely captured large amounts of Hg during transport and 265 caused elevated atmospheric TGM concentrations at ALS during the ISM period. 266 267 Fig. 6 shows pollution roses of TGM, GOM and PBM at ALS during the ISM period and during the non-ISM 268 period respectively. The wind direction at the study site was dominantly SW. This reflects that the 269 predominant monsoon influencing the ALS site is the ISM and westerlies. During the ISM period, most of the 270 TGM, GOM and PBM events were from SW, slightly fewer were from NE, and both SW and NE exhibited 271 higher TGM, GOM and PBM events. This indicates SW and NE were the two primary directions of high Hg 272 sources during the ISM period. However, during the non-ISM period, almost all TGM, GOM and PBM events 273 were from SW. This indicates that strong westerlies were the primary winds during the non-ISM period. These 274 westerlies could take the GEM and PBM from South Asia and Southeast Asia into southwestern China. Thus, 275 the dependence of atmospheric Hg on wind was likely attributed to an interplay of regional sources and the 276 long-range transboundary transport of the GEM and PBM. 277 278 Indeed, GOM concentrations were extremely low at ALS. Marine air masses during the ISM period likely 279 diluted the atmospheric TGM in the study area. The high RF and low WS can promote the wet deposition of 280 9 extension of fog and cloud droplet interception can enhance the uptake of Hg by foliage (Zhang et al., 2013) . 286
We will study the possible reasons why the GOM level is exceedingly low in ALS via continuous long-term 287 monitoring for GOM in the future. 288 289
Transboundary transport of Hg facilitated by monsoons 290
The backward trajectories arriving at ALS over the study period were grouped into five clusters, which are 291 shown in Fig retreat at the end of September. During the ISM period, the mean TGM is 2.22 ng m -3 , which is slightly higher 330 than 1.99 ng m -3 during the non-ISM period, and most of the RF events appeared during the ISM period. More 331 crucially, some high-frequency NE and east wind events occurred during the ISM period. Once the WD shifted 332 from SW to NE, the TGM level rapidly increased in addition to relatively lower RF and WS. This indicates 333 that the strengthening of EASM can move the air masses with high TGM levels from inland China to ALS, but 334 when the NE air flow climbed over the Yunnan-Guizhou plateau, the speed of air mass movement decreased 335 and carried less RF. However, during the non-ISM period, the high TGM events did not accompany the 336 appearance of NE. The WD was primarily SW other than a few SE at the end of March, and the WS was 337 higher than the level during the ISM period. This indicates that the south tributary of westerlies could control 338 the climate and carry air masses from South Asia and Southeast Asia. High TGM events were also evident 339 with SW and SE during the non-ISM period, which could be due to Hg emission from biomass burning in 340 South Asia and Southeast Asia. 341
However, on September 28, due to the fadeaway of ISM and the strengthening and incursion of air flow from 358 EASM as well as the cold Siberian current, a high TGM event was initiated as the air flow shifted from SW to 359 NE (Fig. 10) . When the air flow swept Chongqing, Sichuan, Guizhou and eastern Yunnan province again from 360 September 30 to October 5, the TGM level increased to its highest level (3.18 ng m -3 ), then gradually 361 decreased with the shift in air flow that swept northern Vietnam and Laos. These high TGM events happened 362 during the transitional period from the ISM period to the non-ISM period, which indicates that the high Hg 363 emission from inland China had severely influenced the TGM level at ALS. As previously discussed, the 364 strengthening of the EASM or the weakening of ISM caused the air flow with high TGM originating from 365 inland China to be transported to ALS, which contributed to extremely high TGM concentrations. ) while TGM concentrations decreased 11% with the 372 entrance of the strong wind from the Bay of Bengal. In addition, fire events were also observed along the 373 backward trajectories. Moreover, the high correlation (R 2 =0.89) between TGM and CO was identified in Fig.  374 12. However, the TGM/CO ratio was 0.01124 ng g -1 ppb -1 (1.80 E-6 mol mol -1 ), which is more than 10 times 375 higher than the reported world average biomass burning ratio but was close to ratios observed in Taiwan The air temperature was higher, and the wind speed was lower during the ISM period than that of the non-ISM 668 period. 669 
